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MULTIPLE OXIDE THICKNESSES FOR 
MERGED MEMORY AND LOGIC 

APPLICATIONS 

RELATED APPLICATIONS 

This application is a Divisional of US. application Ser. 
No. 09/386,185, ?led Aug. 31, 1999 now US. Pat. No. 
6,383,871 Which is incorporated herein. 

FIELD OF THE INVENTION 

The present invention relates generally to integrated cir 
cuits. In particular, the present invention relates to a method 
and structure for oxide thicknesses on Metal Oxide Semi 
conductor Field Effect Transistor (MOSFET) technology for 
merged memory and logic applications. 

BACKGROUND OF THE INVENTION 

Typically, memory, e.g., Dynamic Random Access 
Memory (DRAM), and logic technologies have evolved 
along separate but parallel paths. In memory technology, for 
any particular lithography and poWer supply voltage level 
generation, the gate oxide thickness is limited by thin oxide 
reliability due to the stress of voltage boosted Word lines. In 
contrast, for logic technology, thinner gate oxide thicknesses 
are generally the standard because of the need for high 
transconductance at loWer internal operating voltages. 
Therefore, efforts to merge the technologies of memory and 
logic onto a single chip to create a “system on a chip” or 
other high function memory thus create a dilemma. That is, 
one is faced With the design choice of either (1) compro 
mising the gate oxide thickness for one and/or both types of 
devices or (2) assuming the litany of complexities and 
expenses associated With the groWing of tWo separate types 
of gate oxides on a single chip. 

One current approach has been proposed that does pro 
vide a method of fabrication Which alloWs for the scalable 
gate oxide thicknesses by either implanting Ar+ or N+ into 
a substrate prior to oxidation or implanting O+ into the 
substrate after gate deposition. While this approach does 
facilitate gate oxide scalability When compared to conven 
tional process integration, this technique does not provide a 
total solution since additional steps as Well as expensive 
process tools are required. Accordingly, more advanced 
methods are still needed for providing multiple gate oxide 
thicknesses on a single chip. Desirably these more advanced 
methods Will use existing MOSFET and DRAM processing 
techniques, thus avoiding any additional complexity in the 
Wafer fabrication process. For these and other reasons there 
is a need for the present invention. 

SUMMARY OF THE INVENTION 

The above-mentioned problems With memory and logic 
technologies and other problems are addressed by the 
present invention and Will be understood by reading and 
studying the folloWing speci?cation. Structures and methods 
are described Which accord improved bene?ts for merged 
memory and logic applications. 

Improved methods and structures are provided for mul 
tiple oxide thickness on a single silicon Wafer. In particular, 
improved methods and structures are provided for multiple 
gate oxide thickness on a single chip Which includes cir 
cuitry encompassing a range of technologies. For example, 
this range of technologies can include but is not limited to 
the memory and logic technologies. Moreover, these 
improved methods and structures for multiple oxide thick 
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2 
ness on a single silicon Wafer can be used in conjunction 
With existing fabrication and processing techniques With 
minimal or no added complexity. 

Embodiments of a method for forming a semiconductor 
device include forming a top layer of SiO2 (silicon dioxide) 
on a top surface of a silicon Wafer. A trench layer of SiO2 is 
also formed on a trench Wall of the silicon Wafer. The trench 
Wall of the silicon Wafer has a different order crystal 
plane-orientation than the top surface. Additionally, the 
formation of the top and trench layers of SiO2 are such that 
a thickness of the top layer is different from a thickness of 
the trench layer. 
One method of the present invention provides for forming 

a semiconductor device. Another method includes forming a 
DRAM that can include a trench capacitor or a stacked 
capacitor. Moreover, other embodiments provide for form 
ing a Non-Volatile Random Access Memory (NVRAM) 
device, a ?ash memory device as Well as a programmable 
logic array. The present invention also includes systems 
incorporating these different devices and circuits all formed 
according to the methods provided in this application. 

These and other embodiments, aspects, advantages, and 
features of the present invention Will be set forth in part in 
the description Which folloWs, and in part Will become 
apparent to those skilled in the art by reference to the 
folloWing description of the invention and referenced draW 
ings or by practice of the invention. The aspects, advantages, 
and features of the invention are realiZed and attained by 
means of the instrumentalities, procedures, and combina 
tions particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A—1C illustrate an embodiment of a process of 
fabrication of oxide layers on a silicon Wafer. 

FIG. 2 is a graph that illustrates an oxide thickness vs. 
time of oxidation for different silicon crystalline plane 
orientations. 

FIGS. 3A—3C illustrate another embodiment of a process 
of fabrication of oxide layers on a silicon Wafer. 

FIGS. 4A—4C illustrate an alternate embodiment of a 
process of fabrication of oxide layers on a silicon Wafer. 

FIG. 5 is a cross-sectional vieW of an embodiment of 
oxide layers on a silicon Wafer according to the teachings of 
the present invention. 

FIG. 6 is a perspective vieW illustrating generally one 
embodiment of a portion of vertical MOSFETs used in 
conjunction With embodiments of the present invention. 

FIG. 7 is a perspective vieW illustrating generally another 
embodiment of a portion of memory used in conjunction 
With embodiments of the present invention. 

FIG. 8 is a perspective vieW illustrating generally an 
alternative embodiment of a portion of memory used in 
conjunction With embodiments of the present invention. 

FIG. 9 is a perspective vieW illustrating an embodiment of 
a portion of non-volatile memory used in conjunction With 
embodiments of the present invention. 

FIG. 10 is a block diagram Which illustrates an embodi 
ment of a system according to teachings of the present 
invention. 

DETAILED DESCRIPTION 

In the folloWing detailed description of the invention, 
reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
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illustration, speci?c embodiments in Which the invention 
may be practiced. In the drawings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. 

The terms Wafer and substrate used in the folloWing 
description include any structure having an exposed surface 
With Which to form the integrated circuit (IC) structure of the 
invention. The term substrate is understood to include semi 
conductor Wafers. The term substrate is also used to refer to 
semiconductor structures during processing, and may 
include other layers that have been fabricated thereupon. 
Both Wafer and substrate include doped and undoped 
semiconductors, epitaxial semiconductor layers supported 
by a base semiconductor or insulator, as Well as other 
semiconductor structures Well knoWn to one skilled in the 
art. The term conductor is understood to include 
semiconductors, and the term insulator is de?ned to include 
any material that is less electrically conductive than the 
materials referred to as conductors. Moreover, the term 
forming is understood to include groWing through thermal 
oxidation, as is knoWn in the art. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

In particular, an illustrative embodiment of the present 
invention includes a method for forming a semiconductor 
device. The method includes forming a top layer of SiO2 on 
a top surface of a silicon Wafer. Atrench layer of SiO2 is also 
formed on a trench Wall of the silicon Wafer. Additionally, 
the trench Wall of the silicon Wafer has a different order 
plane-orientation than the top surface. The formation of the 
top and trench layer of SiO2 is such that a thickness of the 
top layer is different from a thickness of the trench layer. 

Another embodiment of the present invention includes a 
method for forming a semiconductor device. This method 
includes forming a top surface of a silicon Wafer With a top 
crystalline plane orientation. A trench is also formed in the 
silicon Wafer such that a trench Wall has a different crystal 
line plane orientation than the top crystalline plane orienta 
tion of the top surface. Moreover, a top oxide layer is 
thermally groWn on the top surface While a trench oxide 
layer is simultaneously thermally groWn on the trench Wall 
during a linear groWth period. These tWo oxide layers are 
formed such that the top oxide layer has a different thickness 
than the trench oxide layer. 
An alternate method embodiment of the present invention 

includes forming a DRAM. The method includes forming a 
top layer of SiO2 on a top surface of a silicon Wafer in Which 
the top surface has a (100) crystal plane and a top thickness. 
Additionally, a trench layer of SiO2 is formed on a trench 
Wall of the silicon Wafer. This trench Wall has a (110) crystal 
plane. Moreover, the trench layer has a trench thickness that 
is different from the top thickness of the top surface of the 
silicon Wafer. 

Another method embodiment of the present invention 
includes forming a semiconductor device. The method 
includes forming a trench in a silicon Wafer. In particular, the 
silicon Wafer has a top surface that has a (100) crystal plane. 
Moreover, the trench has a trench Wall that has a (110) 
crystal plane. The method also includes simultaneously 
thermally oxidiZing the top surface to a top thickness While 
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4 
oxidiZing the trench Wall to a trench thickness that is 
different from the top thickness. 
An additional method embodiment of the present inven 

tion includes forming a DRAM. This method includes 
forming a top device on a top surface of a silicon Wafer. In 
particular the top surface has a (100) crystal plane and the 
top device includes a top gate separated from the (100) 
crystal plane by a top gate oxide. Moreover, the method 
includes the formation of a second device on a trench surface 
in the silicon Wafer With the trench surface having a (110) 
crystal plane. The second device includes a second gate 
separated from the (110) crystal plane by a second gate 
oxide. Additionally, formation of the devices is such that a 
thickness of the top gate oxide is different from a thickness 
of the second gate oxide. 

Another embodiment of the present invention includes a 
method for forming a stacked capacitor DRAM cell. This 
method includes forming a top device on a top surface of a 
silicon Wafer. In particular, the top surface has a (100) crystal 
plane, and the top device includes a top gate separated from 
the (100) crystal plane by a top gate oxide. The method also 
includes the formation of a trench in the silicon Wafer such 
that a trench Wall of the trench has a (110) crystal plane. A 
second device is also formed on the trench Wall of the trench 
in Which the second device includes a second gate separated 
from the (110) crystal plane by a second gate oxide. 
Moreover, the formation of these devices is such that the top 
gate oxide has a thickness Which is different from a thickness 
of the second gate oxide. 

Another method embodiment of the present invention 
includes forming a Non-Volatile Random Access Memory 
(NVRAM) device. This method includes forming a top layer 
of SiO2 on a top surface of a silicon Wafer. The top surface 
has a (111) crystal plane orientation, and the top layer has a 
top thickness. Additionally, a trench layer of SiO2 is formed 
on a trench Wall of the silicon Wafer. The trench Wall has a 
(110) crystal plane orientation. Furthermore, the formation 
of the layers is such that the trench layer has a trench 
thickness that is different from the top thickness of the top 
layer. 
An alternate method embodiment of the present invention 

includes forming a ?ash memory device. The method 
includes forming a top surface of a silicon Wafer With a (111) 
crystalline plane orientation. A trench in the silicon Wafer is 
also formed in Which a trench Wall has a (110) crystalline 
plane orientation. Additionally, a formation of a top oxide 
layer on the top surface occurs simultaneously With the 
formation of a trench oxide layer on the trench Wall during 
a linear groWth period. Moreover, the formation of the layers 
is such that the top oxide layer has a different thickness than 
the trench oxide layer. 
A method embodiment of the present invention includes 

forming a CMOS logic circuit. The method includes forming 
a top layer of SiO2 on a top surface of a silicon Wafer. The 
top surface has a (111) crystalline orientation, and the top 
layer has a top thickness. Additionally, a trench layer of SiO2 
is formed on a trench Wall of the silicon Wafer. The trench 
Wall has a (110) crystalline orientation and the trench layer 
has a trench thickness that is different from the top thickness 
of the top layer. 

Another method embodiment of the present invention 
includes forming a semiconductor device. In particular, this 
method includes forming a top layer of SiO2 on a top surface 
of a silicon Wafer. The top surface has a (110) crystalline 
plane orientation, and the top layer has a top thickness. 
Moreover, a trench layer of SiO2 is formed on a trench Wall 
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of the silicon Wafer. The trench Wall has a (311) surface, and 
the trench layer has a trench thickness that is different from 
the top thickness of the top layer. Additionally, the formation 
of the layers of SiO2 is such that the layers are formed 
simultaneously during a linear groWth period. 
An alternate method embodiment of the present invention 

includes forming a semiconductor device. The method 
includes forming a top surface of a silicon Wafer in Which 
the top surface has a (110) crystalline plane orientation. 
Additionally, a trench is formed in the silicon Wafer, such 
that a trench Wall has a (511) crystalline plane orientation. 
The method also includes the thermally groWth simulta 
neously of a top oxide layer on the top surface and a trench 
oxide layer on the trench Wall, during a linear groWth period, 
Wherein the top oxide layer has a different thickness than the 
trench oxide layer. 

Another method embodiment of the present invention 
includes forming a programmable logic array. The method 
includes forming a logic device on a top surface of a silicon 
Wafer in Which the top surface has a (100) crystal plane. The 
logic device includes a logic gate separated from the top 
surface by a logic gate oxide. The method also includes 
forming an Electronically Erasable Programmable Read 
Only Memory (EEPROM) device on a trench Wall of the 
silicon Wafer. The trench Wall has a different order plane 
orientation than the top surface, and the EEPROM device 
includes an EEPROM gate separated from the trench Wall by 
an EEPROM gate oxide. In one embodiment, the EEPROM 
gate includes a ?oating gate for the EEPROM device. 
Additionally, the logic gate oxide has a thickness Which is 
different from a thickness of the EEPROM gate oxide. 

An apparatus embodiment of the present invention 
includes a semiconductor device. The semiconductor device 
includes a top device formed on a top surface of a silicon 
Wafer. The top surface has a (110) crystal plane, and the top 
device has a top gate separated from the (110) crystal plane 
by a top gate oxide. Moreover, the semiconductor device 
includes a trench device formed on a trench Wall of the 
silicon Wafer. In particular, the trench Wall has a (100) 
crystal plane, and the trench device has a trench gate 
separated from the trench Wall by a trench gate oxide in 
Which a thickness of the top gate oxide is different from a 
thickness of the trench gate oxide. 

Another apparatus embodiment of the present invention 
includes a DRAM. The DRAM includes a top oxide layer 
formed on a top surface of a silicon Wafer. The top surface 
has a (110) crystalline orientation, and the top oxide layer 
has a top oxide thickness. Moreover, the DRAM includes a 
trench oxide layer formed on a trench Wall of the silicon 
Wafer in Which the trench Wall has a (100) crystalline 
orientation. Additionally, the trench oxide layer has a trench 
oxide thickness that is different from the top oxide thickness. 
An alternative apparatus embodiment of the present 

invention includes a semiconductor device. The semicon 
ductor device includes a top surface of a silicon Wafer. The 
top surface has a (110) surface. Moreover, the semiconduc 
tor device includes a trench Wall in the silicon Wafer in 
Which the trench Wall has a (511) surface. The semiconduc 
tor also includes a top oxide layer on the top surface as Well 
as a trench oxide layer on the trench Wall. In particular, the 
top oxide layer and the trench oxide layer are thermally 
groWn simultaneously during a linear groWth period, 
Wherein the top oxide layer has a different thickness than the 
trench oxide layer. 

Another apparatus embodiment of the present invention 
includes a ?ash memory device. The ?ash memory device 
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includes a logic device formed on a top surface of a silicon 
Wafer. The top surface has a (111) crystal plane orientation, 
and the logic device has a logic gate separated from the top 
surface by a logic gate oxide. The ?ash memory device also 
includes a ?ash memory cell formed on a trench Wall of the 
silicon Wafer, Wherein the trench Wall has a (110) crystal 
plane orientation. In particular, the ?ash memory cell has a 
?ash gate separated from the trench Wall by a ?ash gate 
oxide, Wherein a thickness of the logic gate oxide is different 
from a thickness of the ?ash gate oxide. 

An alternative apparatus embodiment of the present 
invention includes a semiconductor device. The semicon 
ductor device includes a top layer of SiO2 on a top surface 
of a silicon Wafer. Additionally, the semiconductor device 
includes a trench layer of SiO2 on a trench Wall of the silicon 
Wafer. In particular, the trench Wall has a different order 
plane-orientation than the top surface, and the top layer has 
a different thickness than the trench layer. 

An additional apparatus embodiment of the present inven 
tion includes a programmable logic array. The program 
mable logic array includes a logic device formed on a top 
surface of a silicon Wafer in Which the top surface has a 
(110) crystal plane orientation. Additionally, the logic device 
has a logic gate separated from the top surface by a logic 
gate oxide. The programmable logic array also includes an 
Electronically Erasable Programmable Read Only Memory 
(EEPROM) device formed on a trench Wall of the silicon 
Wafer. The EEPROM device has an EEPROM gate sepa 
rated from the trench Wall by an EEPROM gate oxide. 
Moreover, the trench Wall has a different order plane 
orientation than top surface, and a thickness of the logic gate 
oxide is different from a thickness of the EEPROM gate 
oxide. 

Another apparatus embodiment of the present invention 
includes an electronic system. The electronic system 
includes a processor as Well as an integrated circuit coupled 
to the processor. The integrated circuit includes a top device 
formed on a top surface of a silicon Wafer in Which the top 
surface has a (110) crystal plane orientation, and the top 
device has a top gate separated from the top surface by a top 
gate oxide. The integrated circuit of the electronic system 
also includes a trench device formed on a trench Wall of the 
silicon Wafer. The trench Wall has a (100) crystal plane 
orientation, and the trench device has a trench gate separated 
from the trench Wall by a trench gate oxide. Moreover, a 
thickness of the top gate oxide is different from a thickness 
of the trench gate oxide, and the top gate oxide and the 
trench gate oxide are thermally groWn simultaneously dur 
ing a linear groWth period. 
An alternative apparatus embodiment of the present 

invention includes an electronic system. The electronic 
system includes a processor as Well as a ?ash memory 
device. The ?ash memory device includes a logic device 
formed on a top surface of a silicon Wafer. The top surface 
has a (111) crystal plane orientation, and the logic device has 
a logic gate separated from the top surface by a logic gate 
oxide. The ?ash memory device of the electronic system 
also includes a ?ash memory cell formed on a trench Wall of 
the silicon Wafer in Which the trench Wall has a (110) crystal 
plane orientation. The ?ash memory cell has a ?ash gate 
separated from the trench Wall by a ?ash gate oxide. In one 
embodiment, the ?ash gate includes a ?oating gate for the 
?ash memory cell. Additionally, a thickness of the ?ash gate 
oxide is different from the logic gate oxide. 

Another apparatus embodiment of the present invention 
includes an electronic system. The electronic system 
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includes a processor as Well as a decode circuit. The decode 
circuit includes a logic circuit formed on a top surface of a 
silicon Wafer in Which the top layer has a (110) crystal plane 
orientation. Additionally, the logic circuit has a logic gate 
separated from the top layer by a logic gate oxide. The 
decode circuit of the electronic system includes an 
EEPROM device formed on a trench Wall of the silicon 
Wafer. The EEPROM device has an EEPROM gate sepa 
rated from the trench Wall by an EEPROM gate oxide in 
Which the trench Wall has a different order plane-orientation 
than top surface. Moreover, a thickness of the EEPROM 
gate oxide is different from a thickness of the logic gate 
oxide. 

FIGS. 1A—1C illustrate an embodiment of a process of 
fabrication of oxide layers on a silicon Wafer according to 
teachings of the present invention. The sequence can be 
folloWed as a method for forming a semiconductor device, 
as a method for forming a DRAM that can include a trench 
capacitor or a stacked capacitor, as a method for forming a 
Non-Volatile Random Access Memory (NVRAM), e.g., a 
?ash memory device, as a method for forming a CMOS 
logic circuit as Well as a method for forming a program 
mable logic array. 

FIG. 1A shoWs the structure subsequent to the formation 
of a trench 130 in a silicon Wafer 110, the processing of 
Which is Well knoWn in the art. The silicon Wafer 110 has a 
top surface 120. In one embodiment, the top surface 120 of 
a silicon Wafer 110 is formed With a speci?c top crystalline 
plane orientation. In one embodiment, the top surface 120 
has a (100) crystalline plane orientation. In another 
embodiment, the top surface 120 has a (110) crystalline 
plane orientation. In an additional embodiment, the top 
surface 120 has a (111) crystalline plane orientation. Other 
speci?c top crystalline plane orientations are similarly 
included Which are suited to carry out the embodiments of 
the present invention. One of ordinary skill in the art Will 
appreciate upon reading this disclosure the top crystalline 
plane orientations suited to carry out the novel embodiments 
of the present invention. 

FIG. 1B illustrates the structure folloWing the next 
sequence of processing. A top layer of SiO2 (silicon dioxide) 
140 is formed on the top surface 120 of the silicon Wafer 
110. One of ordinary skill in the art Will appreciate the 
masking and etching techniques by Which an isolated top 
layer of SiO2 140 can be de?ned as shoWn in FIG. 1B. In one 
embodiment, a thickness (tTOP) of the top layer of SiO2 140 
is approximately 70 Angstroms. In this embodiment, a Width 
(WTOP) is de?ned suitable for serving as a gate oxide layer. 
In one embodiment, the top layer of SiO2 140 is de?ned With 
a tTOP and a WTOP suitable for use as a gate oxide in logic 
device applications. 

In one embodiment, the top layer of SiO2 140 is formed 
on the top surface 120 through dry oxidiZation at a tem 
perature of approximately 800° C. In an alternative 
embodiment, the top layer of SiO2 140 is formed on the top 
surface 120 through Wet oxidiZation at a temperature of 
approximately 800° C. One of ordinary skill in the art Will 
understand other method embodiments suitable to form the 
top layer of SiO2 140 according to the teachings of the 
present invention. 

FIG. 1C illustrates the structure folloWing the next 
sequence of processing. Atrench layer of SiO2 150 is formed 
on a trench Wall 160 of the silicon Wafer 110. According to 
the teachings of the present invention, the trench Wall 160 is 
formed having a speci?c crystalline plane orientation dif 
ferent from that of the top surface 120. In one embodiment, 
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8 
the trench Wall 160 has a different plane orientation than the 
top surface 120. For example, When the top surface 120 is 
formed having a (100) surface, the trench Wall 160 is formed 
having a (110) surface. Other speci?c crystalline plane 
orientations of the trench Wall are similarly included Which 
are suited to carry out the embodiments of the present 
invention. One of ordinary skill in the art Will appreciate 
upon reading this disclosure the crystalline plane orienta 
tions of the trench Wall suited to carry out the novel 
embodiments of the present invention. Moreover, the crys 
talline plane orientations of the trench Wall 160 are con 
trolled to have a speci?c orientation in relationship to the 
crystalline plane orientations of the top surface 120 to 
achieve the embodiments of the present invention. Upon 
reading this disclosure, one of ordinary skill in the art Will 
appreciate the manner in Which the top surface and the 
trench Wall can be formed to possess this described speci?c 
relationship. 

According to the teachings of the present invention, the 
trench layer of SiO2 150 is formed in a same linear groWth 
period With the top layer of SiO2 140. Based upon the 
speci?c crystalline plane orientations chosen for the top 
surface 120 and the trench Wall 160, the top layer of SiO2 
140 Will have a resultant or end thickness Which is different 
from the trench layer of SiO2 150 formed in a same amount 
of time. Thus, according to the teachings of the present 
invention, the thickness (tTOP) of the top layer of SiO2 140 
is different from a thickness (tTR) of the trench layer of SiO2 
150. As explained above in connection With FIG. 1B, the 
trench layer of SiO2 150 can be masked and etched to form 
a de?ned trench layer of SiO2 150. In one embodiment, the 
trench layer of SiO2 150 is masked and etched to form or 
de?ne a gate oxide for a DRAM cell. In another 
embodiment, the formation of the top layer of SiO2 140 and 
the trench layer of SiO2 150 is such that the tWo layers are 
formed simultaneously during a linear groWth period. 

In one embodiment, the formation of the top layer of SiO2 
140 and the trench layer of SiO2 150 is such that the 
thickness (tTR) of the trench layer of SiO2 150 is greater than 
the thickness (tTOP) of the top layer of SiO2 140. For 
example, according to the teachings of the present invention, 
When the top surface 120 is formed With a (100) crystalline 
plane orientation and the trench Wall 160 is formed With a 
(110) crystalline plane orientation, tTR>tTOP In an alterna 
tive embodiment, the formation of the top layer of SiO2 140 
and the trench layer of SiO2 150 is such that the thickness 
(tTR) of the trench layer of SiO2 150 is less than the thickness 
(tTOP) of the top layer of SiO2 140; all dependent on the 
chosen crystalline plane orientation for the top surface 120 
and the trench Wall 160. In another embodiment, the for 
mation of the top layer of SiO2 140 and the trench layer of 
SiO2 150 is such that the thickness (tTR) of the trench layer 
of SiO2 150 is approximately 30% thicker than the thickness 
(tTOP) of the top layer of SiO2 140. In another embodiment, 
the thickness (tTR) of the trench layer of SiO2 150 is 
approximately 100 Angstroms. In one embodiment, the 
trench layer of SiO2 150 is a gate oxide of a DRAM cell, 
Which is adapted for use With a DRAM cell having an 
operating voltage of less than 3.5 volts. 

In one embodiment of formation, the trench layer of SiO2 
150 is formed on the trench Wall 160 through dry oxidiZation 
at a temperature of approximately 800° C. In an alternative 
embodiment, the trench layer of SiO2 150 is formed on the 
trench Wall 160 through Wet oxidiZation at a temperature of 
approximately 800° C. One of ordinary skill in the art Will 
understand other method embodiments suitable to form the 
trench layer of SiO2 150 according to the teachings of the 
present invention. 
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As illustrated in FIG. 2, forming tWo speci?c interrelated 
crystalline plane orientations in a manner according to the 
teachings of the present invention facilitates or alloWs for 
the realiZation of different, but speci?cally designed, oxida 
tion rates upon tWo different surfaces of the same silicon 
structure. The graph of FIG. 2 plots the oxide thickness 
(dSZ-OZ), expressed in Angstroms, on a silicon substrate 
versus the alloWed time of oxidation (t), shoWn in minutes. 
In the graph of FIG. 2, the oxide layers are thermally groWn 
at 800° C. upon a silicon surface having three distinct 
crystalline plane orientations (i.e., (111), (110) and (100)). 
FIG. 2 includes plot 202, plot 204 and plot 206. Plot 202 is 
the graphical plot of oxide thickness vs. time of oxidation to 
groW an oxide layer on a silicon surface having a (100) 
crystalline plane orientation. Plot 204 is the graphical plot of 
oxide thickness vs. time of oxidation to groW an oxide layer 
on a silicon surface having a (110) crystalline plane orien 
tation. Plot 206 is the graphical plot of oxide thickness vs. 
time of oxidation to groW an oxide layer on a silicon 
structure having a (111) crystalline plane orientation. Thus, 
controlling the speci?c crystalline plane orientation of dif 
ferent surfaces of the silicon structure advantageously yields 
different oxidation rates at designed or predicted locations. 
These different oxidation rates at designed locations over a 
particular time period, thus, alloW for the structuring of gate 
oxides of differing thickness to accommodate differing tech 
nologies (e.g., DRAM and logic technologies) on a single 
chip or single silicon structure. Hence, designed locations 
can facilitate the formation of different device structures in 
a single streamlined process ?oW. 

FIGS. 3A—3C illustrate another embodiment of a process 
of fabrication of oxide layers on a silicon Wafer according to 
teachings of the present invention. The sequence can be 
folloWed as a portion of a method for forming a semicon 
ductor device, a DRAM that can include a trench capacitor 
or a stacked capacitor, a Non-Volatile Random Access 

Memory (NVRAM), (e.g., a ?ash memory device), a CMOS 
logic circuit as Well as a programmable logic array. 

FIG. 3A shoWs the structure after the ?rst sequence of 
processing. A top surface 310 of a silicon Wafer 320 is 
formed With a top crystalline plane orientation. In one 
embodiment, the top surface 310 has a (100) crystalline 
plane orientation. In another embodiment, the top surface 
310 has a (110) crystalline plane orientation. In an additional 
embodiment, the top surface 310 has a (111) crystalline 
plane orientation. In all of these embodiments, the top 
crystalline plane orientation is designed to achieve the 
embodiments of the present invention. 

FIG. 3B shoWs the structure after the next sequence of 
processing. A trench 330 is formed in the silicon Wafer 320 
such that a trench Wall 340 has a different order plane 
orientation than the top crystalline plane orientation of the 
top surface 310. In one embodiment, the trench Wall 340 has 
a (110) crystalline plane orientation. In another embodiment, 
the trench Wall 340 has a (311) crystalline plane orientation. 
In an additional embodiment, the trench Wall 340 has a (511) 
crystalline plane orientation HoWever, it is important to 
appreciate that the crystalline plane orientation of the trench 
Wall 340 is decisively designed in relationship to the crys 
talline plane orientation of the top surface 310 to achieve the 
embodiment of the present invention. 

FIG. 3C shoWs the structure after the next sequence of 
processing. Simultaneously, a top oxide layer 350 is formed 
on the top surface 310, and a trench oxide layer 360 is 
formed on the trench Wall 340 during a linear groWth period, 
such that the top oxide layer 350 has a thickness (tTOP) that 
is different from a thickness (tTR) of the trench oxide layer 
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360. In one embodiment, the top oxide layer 350 and the 
trench oxide layer 360 are groWn on the respective surfaces 
by thermal oxidation. In one embodiment, the top oxide 
layer 350 Will subsequently be formed into a gate oxide of 
a logic device. In this embodiment, the top oxide layer 350 
has a thickness Which is selected for a logic device having 
an operating voltage of less than 2.5 volts. 

In one embodiment, the crystalline plane orientations of 
the top surface 310 and the trench Wall 340 are such that the 
thickness (tTR) of the trench oxide layer 360 is greater than 
the thickness (tTOP) of the top oxide layer 350 When formed 
in a linear time period. In another embodiment, the crystal 
line plane orientation of the top surface 310 and the trench 
Wall 340 are such that the thickness (tTR) of the trench oxide 
layer 360 is approximately 30% greater than the thickness 
(tTOP) of the top oxide layer 350 When formed in a linear 
time period. In one embodiment, the thickness (tTOP) of the 
top oxide layer 350 is approximately 70 Angstroms. In one 
embodiment, the thickness (tTR) of the trench oxide layer 
360 is approximately 100 Angstroms. 

In one embodiment, the crystalline plane orientation of 
the trench Wall 340 is such that When the trench oxide layer 
360 is formed in the linear time period the resulting oxide 
thickness is suitable for forming a gate oxide of a DRAM 
cell. In one embodiment, the trench oxide layer 360 is 
suitably formed to serve as a gate oxide of a DRAM cell 
having an operating voltage of less than 3.5 volts. 

In one embodiment of formation, the top oxide layer 350 
and the trench oxide layer 360 are groWn on the top surface 
310 and the trench Wall 340, respectively, through dry 
oxidiZation at a temperature of approximately 800° C. In an 
alternative embodiment, the top oxide layer 350 and the 
trench oxide layer 360 are groWn on the top surface 310 and 
the trench Wall 340, respectively, through Wet oxidiZation at 
a temperature of approximately 800° C. One of ordinary 
skill in the art Will understand other method embodiments 
suitable to form the top oxide layer 350 and the trench oxide 
layer 360 according to the teachings of the present invention. 

FIGS. 4A—4C illustrate an embodiment of a process of 
fabrication of layers of oxide on a silicon Wafer according to 
teachings of the present invention. The sequence can be 
folloWed as a method for forming a semiconductor device, 
as a method for forming a DRAM, as a method for forming 
a Non-Volatile Random Access Memory (NVRAM), such as 
a ?ash memory device, or as a method for forming a CMOS 
logic circuit as Well as a method for forming a program 
mable logic array. 

FIG. 4A shoWs the structure subsequent to the formation 
of a trench 430 in a silicon Wafer 410, the processing of 
Which is Well knoWn in the art. The silicon Wafer 410 has a 
top surface 420. According to the teachings of the present 
invention, the top surface 420 of the silicon Wafer 410 is 
formed With a speci?c top crystalline plane orientation. In 
one embodiment, the top surface 420 has a (100) crystalline 
plane orientation. In another embodiment, the top surface 
420 has a (110) crystalline plane orientation. In an additional 
embodiment, the top surface 420 has a (111) crystalline 
plane orientation. Other speci?c top crystalline plane orien 
tation are similarly included Which are suited to carry out the 
embodiments of the present invention. One of ordinary skill 
in the art Will appreciate upon reading this disclosure the top 
crystalline plane orientations suited to carry out the novel 
embodiments of the present invention. 

FIG. 4B illustrates the structure folloWing the next 
sequence of processing. A top device 440 is formed on the 
top surface 420 of the silicon Wafer 410. In one embodiment, 
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the top device 440 is a logic device. In particular, the top 
device 440 includes forming a top gate oxide 460, according 
to the teachings of the present invention, over a linear time 
period on the top surface 420. In one embodiment, the top 
gate oxide 460 is groWn on the top surface 420 by thermal 
oxidation, as is knoWn in the art. Moreover, a top gate 450 
is formed on the top gate oxide 460. One of ordinary skill in 
the art Will understand upon reading this disclosure the 
manner in Which masking and etching techniques can be 
employed to form such a logic device. In another 
embodiment, the top gate oxide 460 has a thickness (tTOP) 
of approximately 70 Angstroms. In one embodiment, the top 
gate oxide 460 is formed to accommodate a top device 
having an operating voltage of less than 2.5 volts. 

FIG. 4C illustrates the structure folloWing the next 
sequence of processing. According to one embodiment of 
the present invention, the trench Wall 470 has a different 
plane orientation than the top surface 420 in FIG. 4B. In one 
embodiment, the trench Wall 470 has a (110) crystalline 
plane orientation. In another embodiment, the trench Wall 
470 has a (311) crystalline plane orientation. In an additional 
embodiment, the trench Wall 470 has a (511) crystalline 
plane orientation. HoWever, it is important to appreciate that 
the crystalline plane is chosen to be speci?cally interrelated 
to the chosen speci?c crystalline plane orientation of the top 
surface in order to achieve speci?c and different gate oxide 
thicknesses according to teachings of the present invention. 
A trench device 480 is formed on a trench Wall 470 of a 

trench 430 in the silicon Wafer 410. The trench device 480 
includes forming a trench gate oxide 495, according to the 
teachings of the present invention, over a linear time period 
on the trench Wall 470. In one embodiment, the trench gate 
oxide 495 is groWn on the trench Wall 470 by thermal 
oxidation, as is knoWn in the art. Moreover, a trench gate 
490 is formed on the trench gate oxide 495. One of ordinary 
skill in the art Will understand upon reading this disclosure 
the manner in Which masking and etching techniques can be 
employed to form such a trench device. In one embodiment, 
the thickness (tTOP) of the top gate oxide 460 is different 
from a thickness (tTR) of the trench gate oxide 495. In one 
embodiment, the trench device 480 is a DRAM cell. In 
another embodiment, the top gate oxide 460 and the trench 
gate oxide 495 are formed simultaneously during a linear 
groWth period (i.e., the oxide is formed over the same length 
of time). In one embodiment, the thickness (tTR) of the 
trench gate oxide 495 is thicker than the thickness (tTOP) of 
the top gate oxide 460. For example, according to the 
teachings of the present invention, When the top surface 420 
is formed With a crystalline plane orientation of (100) and 
the trench Wall 470 is formed With a crystalline plane 
orientation of (110), tTR>tTOP. In one embodiment, the 
thickness (tTR) of the trench gate oxide 495 is approximately 
30% thicker than the thickness (tTOP) of the top gate oxide 
460. In one embodiment, the thickness (tTR) of the trench 
gate oxide 495 is approximately 100 Angstroms. In one 
embodiment, the trench gate oxide 495 is formed to function 
in the trench device 480 operating With a voltage of less than 
3.5 volts. 

FIG. 5 is a cross-sectional vieW of an embodiment of a 
semiconductor device according to the teachings of the 
present invention. The semiconductor device of FIG. 5 is 
constructed in a similar manner according to any one of the 
methods presented in this application. The semiconductor 
device includes a top device 520 on a top surface 530 of a 
silicon Wafer 510. In one embodiment, the top surface 530 
is formed With a (100) crystalline plane orientation. In 
another embodiment, the top surface 530 has a (110) crys 
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talline plane orientation. In an additional embodiment, the 
top surface 530 has a (111) crystalline plane orientation. 
Other speci?c top crystalline plane orientation are similarly 
included Which are suited to carry out the embodiments of 
the present invention. One of ordinary skill in the art Will 
appreciate upon reading this disclosure the top crystalline 
plane orientations suited to carry out the novel embodiments 
of the present invention. Additionally, the top device 520 
includes a top gate 540 that is separated from the top surface 
530 by a top gate oxide 550. In one embodiment, the top gate 
oxide 550 is formed to function in a top device 520 operating 
With a voltage of less than 2.5 volts. 

The semiconductor device of FIG. 5 also includes a trench 
device 560 formed on a trench Wall 570 of the silicon Wafer 
510. In one embodiment, the trench Wall 570 has a different 
plane orientation than the top surface 530. In one 
embodiment, the trench Wall 570 has a (110) surface. In 
another embodiment, the trench Wall 570 has a (311) sur 
face. In an additional embodiment, the trench Wall 570 has 
a (511) surface. Other speci?c crystalline plane orientations 
of the trench Wall 570 are similarly included Which are 
suited to carry out the embodiments of the present invention. 
One of ordinary skill in the art Will appreciate upon reading 
this disclosure the crystalline plane orientations of the trench 
Wall 570 suited to carry out the novel embodiments of the 
present invention. Moreover, the trench device 560 has a 
trench gate 580 separated from the trench Wall 570 by a 
trench gate oxide 590 formed according to the teachings of 
the present invention. 

According to the teachings of the present invention, a 
thickness (tTOP) of the top gate oxide 550 is different from 
a thickness (tTR) of the trench gate oxide 590. In one 
embodiment, the top gate oxide 550 and the trench gate 
oxide 590 are such that the thickness (tTR) of the trench gate 
oxide 590 is thicker than the thickness (tTOP) of the top gate 
oxide 550. In another embodiment, the thickness (tTIQ of the 
trench gate oxide 590 is approximately 30% thicker than the 
thickness (tTOP) of the top gate oxide 550. In another 
embodiment, the thickness (tTOP) of the top gate oxide 550 
is approximately 70 Angstroms. In another embodiment, the 
thickness (tTR) of the trench gate oxide 590 is approximately 
100 Angstroms. 

In one embodiment, the trench device 560 is a portion of 
a DRAM cell. In one embodiment, the trench gate oxide 590 
is formed to function With a trench device 560 having an 
operating voltage of less than 3.5 volts. In another 
embodiment, the top gate oxide 550 and the trench gate 
oxide 590 are thermally groWn simultaneously during a 
linear groWth period (i.e., the oxide is formed over the same 
length of time). 

In one embodiment, the trench device 560 is an EEPROM 
device. In this embodiment, the trench device 560 includes 
a ?ash memory device. In one embodiment, the top device 
520 is a logic device. In one embodiment, the trench device 
560 is included as part of a programmable logic array. 

In one embodiment, the top surfaces and trench Walls 
illustrated and described in conjunction With FIGS. 1—5 
comprise a portion of the structure necessary for forming 
vertical transistors formed according to embodiments 
described in application Ser. No. 08/889,463 entitled “4F2 
Folded Bit Line DRAM Cell Structure having Buried Bit 
and Word Lines,” ?led on Jul. 8, 1997, Which is hereby 
incorporated by reference. In particular, a vertical transistor 
used in conjunction With embodiments of the present inven 
tion is illustrated in FIG. 6. 

FIG. 6 is a perspective vieW illustrating generally one 
embodiment of a portion of an array of vertical transistors 
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formed according to the embodiments of the present inven 
tion. Those of ordinary skill in the art Will appreciate that 
FIG. 6 may include other components, including top surface 
devices (not shoWn). As shoWn in FIG. 6, portion of an array 
of vertical transistors formed according to the teachings of 
the present invention. The vertical transistors 602a—a' shoWn 
in FIG. 6 include vertically oriented access FETs (Field 
Effect Transistors) 604a—a'. 

In the embodiment of FIG. 6, access FETs 604a—a' include 
an n+ silicon layer formed on the silicon Wafer 110 to 
produce ?rst source/drain regions 612 of access FETs 
604a—a'. Ap- silicon layer is formed on n+ ?rst source/drain 
region 612 to form the body region 606 of access FETs 
604a—a'. A further n+ silicon layer is formed on p— body 
region 606 to produce second source/drain region 614 of 
access FETs 604a—a'. The trench layer surface of each 
region, 612, 606 and 614, is formed With an identical 
crystalline plane orientation to achieve the embodiments of 
the present invention. 

Conductive segments of a ?rst Word line 610 and a second 
Word line 616 provide integrally formed gates for access 
FETs 604b and 604c. The trench layer of SiO2 150 includes 
the trench layer of SiO2 described and eXplained above in 
connection With FIGS. 1—5. The trench layer of SiO2 150 is 
an oXide layer formed betWeen the ?rst Word line 610 and/or 
the second Word line 616 and the body regions 606 of access 
FETs 604b and 604c. FIG. 6 also includes the top layer of 
SiO2 140 Which includes the top layer of SiO2 described and 
eXplained in detail in connection With FIGS. 1—5. 

FIG. 7 is an alternative embodiment of a vertical transistor 
used in conjunction With embodiments of the present inven 
tion. In one embodiment, portions of the trench devices 
illustrated and described in conjunction With FIGS. 1—5 are 
vertical transistors of a DRAM cell formed according to 
embodiments described in application Ser. No. 09/204,072, 
entitled “Trench DRAM Cell With Vertical Device and 
Buried Word Lines,” ?led on Dec. 3, 1998, Which is hereby 
incorporated by reference. 

FIG. 7 is a perspective vieW illustrating generally one 
embodiment of a vertical transistor formed in conjunction 
With embodiments of the present invention. Those of ordi 
nary skill in the art Will appreciate that FIG. 7 may include 
other components, including top surface devices (not 
shoWn). FIG. 7 illustrates a DRAM cell including a verti 
cally oriented access FET 704 and a capacitor 706. The 
vertically oriented access FET 704 includes an n+ silicon 
layer formed on a silicon Wafer 110 to produce a ?rst 
source/drain region 712. Ap- silicon layer is formed on the 
?rst source/drain region 712 to form a body region 714. 
Additionally, the vertically oriented access FET 704 
includes an n+ silicon layer formed on the p— body region 
714 to produce a second source/drain region 716. In one 
embodiment, the vertically oriented access FET 704 is 
formed in semiconductor pillars that eXtend outWardly from 
the silicon Wafer 110. 

Additionally, FIG. 7 includes conductive segments of a bit 
line 708, a portion of Which is formed on the second source 
drain region 716. FIG. 7 also includes conductive segments 
of a Word line 710 that provide integrally formed gates for 
the vertically oriented FET 704. The trench layer of SiO2 
150 includes the trench layer of SiO2 described and 
eXplained above in connection With FIGS. 1—5. The trench 
layer of SiO2 150 is an oXide layer formed betWeen the Word 
line 710 and the body region 714 of vertically oriented FET 
704. FIG. 7 also includes the top layer of SiO2 140 Which 
includes the top layer of SiO2 described and eXplained in 
detail in connection With FIGS. 1—5. 
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FIG. 8 is an alternative embodiment of vertical transistors 

used in conjunction With embodiments of the present inven 
tion. In one embodiment, portions of the trench devices 
illustrated and described in conjunction With FIGS. 1—5 are 
vertical transistors of a DRAM cell formed according to 
embodiments described in application Ser. No. 08/939,732, 
entitled “Circuit and Method for an Open Bit Line Memory 
Cell With a Vertical Transistor and Trench Plate Trench 
Capacitor,” ?led on Oct. 6, 1997, Which is hereby incorpo 
rated by reference. 

FIG. 8 is a perspective vieW illustrating generally one 
embodiment of a portion of a memory formed in conjunction 
With embodiments of the present invention. Those of ordi 
nary skill in the art Will appreciate that FIG. 8 may include 
other components, including top surface devices (not 
shoWn). FIG. 8 illustrates portions of four trench devices 
802a—a' and a storage capacitor plate 804 formed in con 
junction With embodiments of the present invention. 

The vertical transistors 802a—a' include an n+ silicon layer 
formed on Silicon On Insulator (SOI) material 806 Which 
has been formed on a silicon Wafer 110 to produce a ?rst 
source/drain region 808. Ap- silicon layer is formed on the 
?rst source/drain region 808 to form a body region 810. 
Additionally, the trench devices 802a—a' include an n+ 
silicon layer formed on the p— body region 810 to produce 
a second source/drain region 812. 

Additionally, FIG. 8 includes conductive segments of bit 
line Wires 814, a portion of Which is formed on the second 
source drain region 812. FIG. 8 includes a body contact line 
818. Further, FIG. 8 also includes conductive segments of a 
Word line 816 that provide integrally formed gates for the 
vertically oriented FETs 802. The trench layer of SiO2 150 
includes the trench layer of SiO2 described and explained 
above in connection With FIGS. 1—5. The trench layer of 
SiO2 150 is an oXide layer formed betWeen the Word line 816 
and the body region 810 of trench devices 802a and 802b. 
FIG. 8 also includes the top layer of SiO2 140 Which 
includes the top layer of SiO2 described and eXplained in 
detail in connection With FIGS. 1—5. 

FIG. 9 is an alternative embodiment of vertical transistors 
used in conjunction With embodiments of the present inven 
tion. In one embodiment, portions of the trench devices 
illustrated and described in conjunction With FIGS. 1—5 are 
vertical transistors of a memory cell. 

FIG. 9 is a perspective vieW illustrating generally one 
embodiment of a portion of a non-volatile memory formed 
in conjunction With embodiments of the present invention. 
Those of ordinary skill in the art Will appreciate that FIG. 9 
may include other components, including top surface 
devices (not shoWn). FIG. 9 illustrates portions of a non 
volatile memory cell 902 formed in conjunction With 
embodiments of the present invention. In one embodiment, 
the non-volatile memory cell 902 is a vertically oriented 
FET. In one embodiment, the non-volatile memory cell 902 
is a portion of an EEPROM, ?ash memory or NVRAM 
devices, Which include a trench layer of SiO2 or tunnel oXide 
layer formed according to the teachings of the present 
invention. 

FIG. 9 includes an n+ silicon layer formed on a silicon 
Wafer 110 to produce a ?rst source/drain region 904. A p 
silicon layer is formed on the ?rst source/drain region 904 to 
form a body region 906. Additionally, the non-volatile 
memory cell 902 include an n+ silicon layer formed on the 
p— body region 906 to produce a second source/drain region 
908. 

Additionally, FIG. 9 includes a ?oating gate 910 and a 
control gate 912. The trench layer of SiO2 150 includes the 
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trench layer of SiO2 formed on a trench surface 914, 
described and explained above in connection With FIGS. 
1—5. The trench layer of SiO2 150 is an oxide layer formed 
betWeen the Word line ?oating gate 910 and the body region 
906 of the non-volatile memory cell 902. FIG. 9 also 
includes the top layer of SiO2 140 Which includes the top 
layer of SiO2 formed on a top surface 120, described and 
explained in detail in connection With FIGS. 1—5. 

The device of FIG. 9 encompasses embodiments Wherein 
the crystal planes of the top surface 120 and the trench 
surface 914 are speci?cally oriented to alloW for a higher 
oxidation rate for oxides layers groWn on the top surface 
120. Accordingly, When oxide layers are groWn on both the 
top surface 120 and the trench surface 914 during a same 
linear groWth period, oxide layers groWn on the trench 
surface 914 are thinner than oxide layers groWn on the top 
surface 120. In one such embodiment, the top surface 120 
has a (110) crystal plane orientation While the trench surface 
914 has a (100) crystal plane orientation. In another such 
embodiment, the top surface 120 has a (111) crystal plane 
orientation, While the trench surface has a (110) crystal plane 
orientation. Advantageously, thinner oxides on the trench 
Walls and thicker oxides on top surfaces prove particularly 
useful in conjunction With EEPROM devices, ?ash memory 
devices or other NVRAM devices. In particular, the tunnel 
oxides along the trench Walls used With such devices should 
be as thin as possible, While the logic devices residing on the 
top surfaces should have thicker oxides to ensure reliability. 

FIG. 10 is a block diagram Which illustrates an embodi 
ment of a system 1000 according to teachings of the present 
invention. The system 1000 includes an integrated circuit 
1010. The integrated circuit 1010 includes the embodiments 
of top and trench devices formed With speci?c crystalline 
plane orientations to facilitate formation of differing gate 
oxide thicknesses in a streamlined fabrication process How 
according to the teachings of the present invention. 
Additionally, the system 1000 includes a processor 1020 that 
is operatively coupled to the integrated circuit 1010. The 
processor 1020 is coupled to the integrated circuit 1010 
through a system bus 1030. In one embodiment, the pro 
cessor 1020 and the integrated circuit 1010 are on the same 
semiconductor chip. 

CONCLUSION 

Thus, improved methods and structures are provided for 
multiple oxide thickness on a single silicon Wafer. In 
particular, improved methods and structures are provided for 
multiple gate oxide thickness on a single chip Wherein the 
chip can include circuitry encompassing a range of tech 
nologies including but not limited to the memory and logic 
technologies. Moreover, these improved methods and struc 
tures for multiple oxide thickness on a single silicon Wafer 
can be used in conjunction With existing fabrication and 
processing techniques With minimal or no added complexity. 

Although speci?c embodiments have been illustrated and 
described herein, it Will be appreciated by those of ordinary 
skill in the art that any arrangement Which is calculated to 
achieve the same purpose may be substituted for the speci?c 
embodiment shoWn. This application is intended to cover 
any adaptations or variations of the present invention. It is 
to be understood that the above description is intended to be 
illustrative, and not restrictive. Combinations of the above 
embodiments, and other embodiments Will be apparent to 
those of skill in the art upon revieWing the above descrip 
tion. The scope of the invention includes any other appli 
cations in Which the above structures and fabrication meth 
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ods are used. The scope of the invention should be 
determined With reference to the appended claims, along 
With the full scope of equivalents to Which such claims are 
entitled. 
What is claimed is: 
1. A method comprising: 
forming a top layer of SiO2 on a top surface of a silicon 

Wafer, Wherein the top surface has a (100) crystal plane 
orientation, such that the top layer has a top thickness; 
and 

forming a trench layer of SiO2 on a trench Wall of the 
silicon Wafer, Wherein the trench Wall has a (110) 
crystal plane orientation, such that the trench layer has 
a trench thickness that is different from the top thick 
ness. 

2. The method of claim 1, Wherein forming the trench 
layer of SiO2 includes forming the trench layer of SiO2 that 
has a thickness that is approximately 30% thicker than the 
top layer of SiO2. 

3. The method of claim 1, Wherein forming the top layer 
of SiO2 includes forming the top layer as a gate oxide of a 
logic device. 

4. The method of claim 3, Wherein forming the top layer 
of SiO2 includes forming the logic device Wherein the logic 
device has an operating voltage of less than 2.5 volts. 

5. The method of claim 1, Wherein forming the trench 
layer of SiO2 includes forming the trench layer as a gate 
oxide of a DRAM cell. 

6. The method of claim 5, Wherein forming the trench 
layer of SiO2 includes forming the DRAM cell Wherein the 
DRAM cell has an operating voltage of less than 3.5 volts. 

7. The method of claim 1, Wherein forming the top layer 
of SiO2 and forming the trench layer of SiO2 includes 
forming the top layer of SiO2 and fanning the trench layer 
of SiO2 simultaneously during a linear groWth period. 

8. The method of claim 1, Wherein forming the top layer 
of SiO2 includes forming the top layer as a gate oxide of a 
logic device, and Wherein forming the trench layer of SiO2 
includes forming the trench layer as a gate oxide of a DRAM 
cell. 

9. The method of claim 1, Wherein forming the top layer 
of SiO2 includes forming the top layer as a gate oxide of a 
logic device, Wherein the logic device has an operating 
voltage of less than 2.5 volts, and Wherein forming the 
trench layer of SiO2 includes forming a trench layer as a gate 
oxide of a DRAM cell, Wherein the DRAM cell has an 
operating voltage of less than 3.5 volts. 

10. A method comprising: 
forming a top device on a top surface of a silicon Wafer, 

Wherein the top surface has a (100) crystal plane 
orientation and the top device includes a top gate 
separated from the top surface by a top gate oxide; and 

forming a trench device on a trench Wall of a trench in the 
silicon Wafer, Wherein the trench Wall has a (110) 
crystal plane orientation and the trench device includes 
a trench gate separated from the trench Wall by a trench 
gate oxide, such that a thickness of the top gate oxide 
is different from a thickness of the trench gate oxide. 

11. The method of claim 10, Wherein forming the top 
device includes Wet oxidiZing the top surface at a tempera 
ture of approximately 800° C. 

12. The method of claim 10, Wherein forming the trench 
device includes Wet oxidiZing the trench surface at a tem 
perature of approximately 800° C. 

13. The method of claim 10, Wherein forming the top 
device and forming the trench device includes simulta 
neously forming the top gate oxide and the trench gate oxide 
during a linear groWth period. 
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14. The method of claim 10, wherein forming the top gate 
oxide includes forming the top gate oxide as a gate oxide of 
a logic device. 

15. The method of claim 10, Wherein forming the trench 
gate oxide includes forming the trench gate oxide as a gate 
oxide of a DRAM cell. 

16. A method comprising: 
forming a top device on a top surface of a silicon Wafer, 

Wherein the top surface has a (100) crystal plane 
orientation and Wherein the top device includes a top 
gate separated from the top surface by a thermally 
formed top gate oxide; 

forming a trench in the silicon Wafer such that a trench 
Wall forms With a (110) crystal plane orientation; and 

forming a trench device on the trench Wall, the trench 
device including a trench gate separated from the 
trench Wall by a thermally formed trench gate oxide, 
Wherein the top gate oxide has a thickness Which is 
different from a thickness of the trench gate oxide. 

17. The method of claim 16, Wherein forming the top 
device on the top surface of the silicon Wafer includes 
forming the thickness of the top gate oxide to approximately 
70 Angstroms, and Wherein forming the trench device on the 
trench Wall of the trench includes forming the thickness of 
the trench gate oxide to approximately 100 Angstroms. 

18. The method of claim 16, Wherein the top surface and 
the trench Wall are formed by simultaneous thermal 
oxidation, and Where the thermal oxidation is selected from 
Wet oxidation and dry oxidation. 

19. The method of claim 16, Wherein forming the top 
device and forming the trench device includes simulta 
neously forming the top gate oxide and the trench gate oxide 
during a linear groWth period. 

20. The method of claim 16, the method further including: 
forming a stacked capacitor DRAM (Dynamic Random 

Access Memory) cell in the trench. 
21. A method comprising: 
forming a top layer of SiO2 on a top surface of a silicon 

Wafer, Wherein the top surface has a (111) crystal plane 
orientation, such that the top layer has a top thickness; 
and 

forming a trench layer of SiO2 on a trench Wall of the 
silicon Wafer, Wherein the trench Wall has a (110) 
crystal plane orientation, such that the trench layer has 
a trench thickness that is different from the top thick 
ness of the top layer. 

22. The method of claim 21, Wherein forming the trench 
layer of SiO2 on the trench Wall includes forming the trench 
layer of SiO2 that has a thickness that is approximately 30% 
thicker than a thickness of the top layer of SiO2. 

23. The method of claim 21, Wherein forming the top 
layer of SiO2 and forming the trench layer of SiO2 includes 
forming the top layer of SiO2 and forming the trench layer 
of SiO2 simultaneously during a linear groWth period. 

24. The method of claim 21, the method further including: 
forming an NVRAM (Non-Volatile Random Access 
Memory) device at the trench layer of SiO2. 

25. The method of claim 21, the method further including: 
forming a ?oating gate device at the trench layer of SiO2. 
26. A method comprising: 
forming a top surface of a silicon Wafer With a (111) 

crystalline plane orientation; 
forming a trench in the silicon Wafer, Wherein a trench 

Wall has a (110) crystalline plane orientation; and 
simultaneously forming a top oxide layer on the top 

surface and forming a trench oxide layer on the trench 
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Wall, during a linear groWth period, Wherein the top 
oxide layer has a different thickness than the trench 
oxide layer. 

27. The method of claim 26, Wherein simultaneously 
forming the top oxide layer on the top surface and forming 
the trench oxide layer on the trench Wall includes dry 
oxidiZing the top surface at a temperature of approximately 
800° C. 

28. The method of claim 26, the method further including: 
forming a ?oating gate device at the trench oxide layer. 
29. The method of claim 26, the method further including: 
forming a ?oating gate at the trench oxide layer; and 
forming a control gate at the ?oating gate. 
30. A method comprising: 
forming a top layer of SiO2 on a top surface of a silicon 

Wafer, Wherein the top surface has a (111) crystalline 
orientation, such that the top layer has a top thickness; 
and 

forming a trench layer of SiO2 on a trench Wall of the 
silicon Wafer, Wherein the trench Wall has a (110) 
crystalline orientation, such that the trench layer has a 
trench thickness that is different from the top thickness 
of the top layer, Wherein forming the top layer of SiO2 
and forming the trench layer of SiO2 includes forming 
the top layer of SiO2 and forming the trench layer of 
SiO2 simultaneously during a linear groWth period, and 
Wherein forming the trench layer of SiO2 on the trench 
Wall includes forming the trench layer of SiO2 that has 
a thickness that is approximately 30% thicker than a 
thickness of the top layer of SiO2. 

31. The method according to claim 30, the method further 
including: 

forming a CMOS logic circuit that includes the top layer 
of SiO2 on the top surface of the silicon Wafer. 

32. The method according to claim 30, the method further 
including: 

forming a CMOS logic circuit that includes the top layer 
of SiO2 on the top surface of the silicon Wafer; and 

forming a NVRAM (non-volatile random access 
memory) device on the trench layer of SiO2. 

33. A method comprising: 
forming a logic device on a top surface of a silicon Wafer, 

Wherein the top surface has a (100) crystal plane 
orientation and Wherein the logic device includes a 
logic gate separated from the top surface by a logic gate 
oxide; and 

forming an EEPROM (Electronically Erasable Program 
mable Read Only Memory) device on a trench Wall of 
the silicon Wafer, Wherein the trench Wall has a different 
order plane-orientation than the top surface and 
Wherein the EEPROM device includes an EEPROM 
gate separated from the trench Wall by an EEPROM 
gate oxide, Wherein the logic gate oxide has a thickness 
Which is different from a thickness of the EEPROM 
gate oxide. 

34. The method of claim 33, the method further including: 
forming a programmable logic array that includes the 

logic device and the EEPROM. 
35. The method of claim 1, Wherein forming the top layer 

and forming the trench layer includes forming the trench 
layer to a thickness that is thicker than the top layer. 

36. The method of claim 1, Wherein forming the top layer 
and forming the trench layer includes forming the trench 
layer to a thickness that is about 100 Angstroms thick. 

37. The method of claim 1, Wherein forming the top layer 
of SiO2 and forming the trench layer of SiO2 includes 






